EMULATION APPARATUS AND PARTS, EMULATION METHOD, RECORDING 
MEDIUM AND PROGRAM 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims the benefit of priorities from 
the prior Japanese Patent Applications No. 2000-246509 filed on August 15, 2000 
and No. 2001-30228 filed on February 6, 2001 , the entire contents of both of which 
are incorporated herein by reference. 
BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an emulation technology used in an 
information processing apparatus such as an entertainment apparatus, and more 
specifically, to an improved method for enabling application software developed for 
an information processing apparatus to be executed appropriately by another 
information processing apparatus with a different processing capability. 
[0003] When an entertainment apparatus with a relatively high processing 
capability (hereinafter referred to as "host machine") executes application software 
(hereinafter referred to as "target AP") for an entertainment apparatus with a 
relatively low processing capability (hereinafter referred to as "subordinate machine") 
or when a specific entertainment apparatus executes a target AP for another 
entertainment apparatus, the host machine or the specific entertainment apparatus 
uses an emulation apparatus. 

[0004] The basic function of the emulation apparatus is to form an execution 
environment of the entertainment apparatus in which the target AP is originally 
scheduled to be executed, and is implemented by software, hardware or a 
combination thereof. 

[0005] Depending on a combination of commands included in a target AP, a 
conventional emulator apparatus may have such a problem that the operation timing 
at which the entertainment apparatus performs the relevant processing does not 



match the operation timing for the originally scheduled target AP. To prevent such a 
problem, parameters may be provided for adjusting the operation timing of the target 
AP so as to match the execution environment ("change parameters"). 
[0006] However, questions as to which target AP requires change parameters 
or to what extent corrections by the change parameters should be applied may be 
ascertained only after the entertainment apparatus is shipped. In such a case, it is 
possible to recollect the entertainment apparatus and change the synchronization 
timing of the emulation apparatus, but this involves troublesome operations. 
[0007] Such a problem not only occurs in the entertainment apparatus but also 
occurs commonly in an emulation apparatus used in an information processing 
apparatus without any processing capability adjusting means such as an operating 
system. 

SUMMARY OF THE INVENTION 

[0008] Therefore, it is an object of the present invention to provide an 
emulation apparatus, emulation parts, emulation method and program capable of 
solving the problem described above and adapting correctly the processing 
capability of the information processing apparatus to the target AP. 

[0009] The emulation apparatus provided by the present invention is 
incorporated in an information processing apparatus without processing capability 
adjusting means and comprises judging means forjudging whether software 
executed by the information processing apparatus requests a change of a 
processing capability of the information processing apparatus or not and adjusting 
means for changing the processing capability of the information processing 
apparatus within a range identified by a predetermined change parameter for the 
software supplied in advance or afterward when the software requests the change of 
the processing capability. More specifically, the adjusting means is configured so as 
to change a functional configuration of the information processing apparatus to a 
predetermined configuration when the software requests a change of a functional 
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capability of the information processing apparatus and change a capability of the 
whole or part of specific processing executed by the information processing 
apparatus within a range identified by a predetermined change parameter for the 
software supplied in advance or afterward when the software requests a change of 
the capability of the whole or part of the specific processing. 
[0010] The "information processing apparatus without processing capability 
adjusting means" refers to a simple computer or system without any operating 
system such as a personal computer or workstation. 

[0011] The information processing apparatus to which the present invention is 
applied is, for example, an entertainment apparatus provided with a plurality of 
processors having a master-slave relationship. The master-slave relationship of the 
processors in such an entertainment apparatus is configured so as to change 
according to the type of the software. 

[0012] The judging means is configured so as to perform the judgment by 
identifying a medium that records the software. 

[0013] When the judging means judges that the software requests the change 
of the processing capability, the adjusting means is configured so as to automatically 
convert binary information included in the software to binary information executable 
by the information processing apparatus. 

[0014] The adjusting means is configured so as to read selectively one of a 
first change parameter recorded in an internal recording medium installed in advance, 
a second change parameter recorded in a non-rewritable recording medium loaded 
into the information processing apparatus afterward and a third change parameter 
recorded in a rewritable recording medium loaded into the information processing 
apparatus afterward and change the processing capability within a range identified 
by the read change parameter. 

[0015] Each change parameter is determined for each of processing items 
implemented by the software, the processing items depending on functions of the 



information processing apparatus. The judging means is configured so as to judge 
whether a processing item for which a change parameter is determined exists in any 
one of the internal recording medium, the non-rewritable recording medium and the 
rewritable recording medium and further judge that the software requests the change 
of the processing capability when the processing item exists. In this case, the 
adjusting means is configured so as to adjust a speed per unit time of processing 
identified by the processing item to a speed determined by the change parameter. 
[0016] The present invention also provides an emulation method for software 
read by the information processing apparatus. This method is executed in the 
information processing apparatus without the processing capability adjusting means 
described above and comprises judging whether the software executed requests a 
change of a processing capability of the information processing apparatus or not, 
and changing the processing capability within a range identified by a predetermined 
change parameter for the software supplied in advance or afterward when it is 
judged that the software requests the change of the processing capability. 
[0017] The present invention also provides a recording medium readable by 
an information processing apparatus without processing capability adjusting means, 
the recording medium recording a program which causes the information processing 
apparatus to execute judging whether the software executed requests a change of a 
processing capability of the information processing apparatus or not, and changing 
the processing capability within a range identified by a predetermined change 
parameter for the software supplied in advance or afterward when it is judged that 
the software requests the change of the processing capability. 
[0018] The present invention also provides a recording medium readable by 
an information processing apparatus and detachably installed in the information 
processing apparatus which includes means for enabling a processing capability of 
the information processing apparatus to be changed according to software executed. 
The recording medium comprises a first area which is read before execution of the 
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software after starting of the information processing apparatus and records a code 
for allowing the information processing apparatus to recognize a type of the software, 
and a second area which is read subsequently to the first area and records a 
predetermined change parameter for identifying a changing part and a changing 
amount of the processing capability, the change parameter provided in the second 
area when the software requests a change of the processing capability. 
[0019] The present invention also provides a program for causing an 
information processing apparatus without processing capability adjusting means to 
execute judging whether the software executed requests a change of a processing 
capability of the information processing apparatus or not, and changing the 
processing capability within a range identified by a predetermined change parameter 
for the software supplied in advance or afterward when it is judged that the software 
requests the change of the processing capability. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These objects and other objects and advantages of the present 
invention will become more apparent upon reading of the following detailed 
description and the accompanying drawings in which: 

[0021] FIG. 1 is a block diagram showing a configuration of an entertainment 
apparatus of a host machine; 

[0022] FIG. 2 is a block diagram showing a configuration of an entertainment 
apparatus of a subordinate machine; 

[0023] FIG. 3 illustrates a connection mode of a reset signal; 

[0024] FIG. 4 illustrates a configuration of an interface between an MPU 100 

and IOP 120; 

[0025] FIG. 5 illustrates a connection mode of a clock signal; 
[0026] FIG.6A is a table showing content examples of change parameters; 
[0027] FIG.6B is a flow chart showing a procedure for delaying output timing 
of a drawing result; 

5 



[0028] FIG.7 is a flow chart showing a processing flow of a boot sequence by 
a host machine; 

[0029] FIG. 8 is a flow chart showing a processing flow of format conversion by 
an emulator; and 

[0030] FIGs.9A and 9B illustrate polygon drawing command formats, wherein 
FIG.9A illustrates a GPU command format and FIG.9B illustrates a GP command 
format. 

DETAILED DESCRIPTION 

[0031] An embodiment of the present invention will be specifically described 
with reference to the accompanying drawings. 
[First Embodiment] 

[0032] A first embodiment describes a mode of an emulation apparatus 

incorporated in an entertainment apparatus, which is an example of an information 
processing apparatus without processing capability adjusting means. This 
embodiment will be explained assuming that a processing capability is a speed of 
drawing images and change parameters are intended to adjust a drawing speed of 
specific image processing. However, the drawing speed is one example of a 
processing capability of an entertainment apparatus. 
<Host machine> 

[0033] FIG. 1 is a block diagram showing a main configuration of an 
entertainment apparatus in which the emulation apparatus of the present invention is 
incorporated. 

[0034] In this entertainment apparatus, an MPU (micro processor unit) 100 
and a GP (graphical processor) 110 are connected via a dedicated bus 101, the 
MPU 100 and an IOP (I/O processor) 120 are connected via a bus (SBUS) 102, and 
a media decoder 130 that reads software, etc. from a medium, an SPU (sound 
processor unit) 140, which is sound processing means and a ROM (read only 
memory) 150 are connected to the IOP 120 via a bus (SSBUS) 103. The MPU 100 



is provided with a main memory 160 and the IOP 120 is provided with an I OP 
memory 170. The IOP 120 is further connected to a controller 180 and a memory 
card 190. 

[0035] The basic function of the MPU 100 is to carry out predetermined 
processing by executing various programs stored in the ROM 150 and a target AP 
loaded from a medium 200 such as a CD and DVD to the main memory 160. The 
GP 1 1 0 is a graphic processor that assumes the drawing processing function of this 
entertainment apparatus. More specifically, the GP 1 10 performs drawing 
processing on the target AP according to instructions from the MPU 100. 
[0036] The IOP 120 is an input/output sub-processor (a slave processor with 
respect to the MPU 100) that controls exchanges of data between the MPU 100 and 
peripheral apparatuses (media decoder 130 and SPU 140, etc.). The media 
decoder 130 reads data from the medium 200 and transfers the data to the main 
memory 160. The SPU 140 is a sound reproduction processor and reproduces 
compressed waveform data stored in a sound buffer (not shown) based on a 
pronunciation instruction from the MPU 100, etc. at a predetermined sampling 
frequency. 

[0037 ] The ROM 1 50 is an example of emulation parts of the present 
invention and is a read-only memory that stores programs to be executed by the 
MPU 100 and the IOP 120 at the startup, etc. The ROM 150 stores programs 
shared by the MPU 100 and the IOP 120 and programs dedicated to the respective 
processors separately. One of the programs dedicated to the MPU 1 00 is an 
emulator program, which will be described later. The main memory 160 and the 
IOP memory 170 function as work memories for the MPU 100 and the IOP 120, 
respectively. 

[0038] The controller 180 is an interface that transmits a player's intention to 
an application, etc. during the execution of a game, etc. 

[0039] The memory card 190 is a rewritable, portable non-volatile secondary 



recording medium and stores results of processing executed by the MPU 100 and 
setting information, etc. The memory card 190 is also designed to store change 
parameters to make fine adjustments to the image processing speed of the emulator 
of the present invention, which will be described later. 

[0040 ] This embodiment assumes that the medium 200 is non-rewritable, 
portable recording medium. This medium 200 stores a program and data, etc. that 
is necessary to execute the program. This data also includes a code to determine 
whether the medium 200 stores data for the host machine or data for the subordinate 
machine. The data for the subordinate machine includes change parameters to 
make fine adjustments to the drawing speed by the emulator 
Subordinate machine> 

[0041] An overview of an entertainment apparatus, which is a subordinate 

machine for the entertainment apparatus in FIG.1 , will be explained below. 

[0042] In this entertainment apparatus, as shown in FIG. 2, a GPU (graphic 
processor unit) 210 and a controller 280 are connected to a CPU (central processor 
unit) 220 provided with a main memory 270, and furthermore a CD decoder 230, an 
SPU 240 and a ROM 250 are connected to the CPU 220 via a bus 290. The basic 
function of the CPU 220 is to carry out predetermined processing by executing a 
program stored in the ROM 250 and a program loaded from a CD 300 to main the 
memory 270. The operating frequency of the CPU 220 is lower than the operating 
frequency of the MPU 100, the host machine. 

[0043] The GPU 210 is a graphic processor that performs drawing processing 
according to instructions from the CPU 220. The GPU 21 0 is provided with a CRTC 
function to display images and a polygon drawing function for a frame buffer (not 
shown). The CD decoder 230 reads recorded information from the CD 300 and 
transfers the information to the main memory 270. The ROM 250 stores a program 
to be executed by the CPU 220 at the startup, etc. 
<Emulation apparatus> 
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[0044] The emulation apparatus forms on the host machine a first function 
that allows the host machine to change its functional capability (functional 
configuration) to secure drawing or other processing compatibility with the 
subordinate machine and a second function that allows the host machine to change 
a capability (speed in this embodiment) of specific processing according to software. 
These functions may be formed by software, but an example of implementing these 
functions by combining the hardware provided for the host machine and separately 
provided software will be explained here. 

[0045] As appreciated, the foregoing functional capability is one example of 
the processing capability of the host machine, and the foregoing capability of specific 
processing is another example of the processing capability of the host machine. 
(First Function) 

[0046] A first function is the function by which the MPU 100 or the IOP 120 
loads and executes a predetermined program and selectively switches between two 
operating modes, that is, a "normal mode" and "emulation mode" and thereby 
changes the functional configuration of the entertainment apparatus to a 
predetermined configuration. 

[0047 ] It is also possible to provide dedicated firmware to share this first 
function with another function. Through this first function, the host machine usually 
operates in a normal mode and enters into an emulation mode when the host 
machine executes a target AP for the subordinate machine. The method of 
determining whether an AP is a target AP for the subordinate machine or not will be 
described later. 

[0048] In the emulation mode according to this embodiment, the IOP 120 of 
the host machine functions as the CPU 220 of the subordinate machine and the 
MPU 1 00 and GP 11 0 function as the GPU 21 0 of the subordinate machine. This is 
implemented by providing, for example, the same processor core as the CPU 220 for 
the IOP 120. The IOP 120 can execute the target AP provided for execution by the 



CPU 220 of the subordinate machine as is and performs a processing operation 
similar to that in the case of the subordinate machine. 

[0049] The processor core of the IOP 120 may execute the target AP provided 
for the CPU 220 of the subordinate machine as is and perform a similar operation 
(for example, binary compatible processor core), but this embodiment uses the same 
processor core to improve the compatibility with the entertainment apparatus of the 
subordinate machine. 

[0050] The clock frequency of the IOP 120 is 37.5 MHz in the normal mode 
and may be changed to a frequency according to the operating frequency of the 
CPU 220 of the subordinate machine in the emulation mode, for example, 33 MHz or 
may be changed to the clock frequency most suitable to execute the target AP. This 
assures the operation even when the target AP optimizes the operation for the 
hardware of the subordinate machine at a level of one clock. 
[0051] The MPU 100 and IOP 120 change their interfaces according to the 
operating mode. In the emulation mode, the IOP 120 provides the MPU 100 with 
the same interface as that for the CPU 220 and the MPU 100 also provides the IOP 
120 with the same interface as that for the GPU 210. 

[0052] The SPU 140 also changes its operation between the emulation mode 
and normal mode. That is, in the emulation mode, the SPU 140 operates in the 
completely same way as for the SPU 240 of the subordinate machine. On the other 
hand, in the normal mode, the SPU 140 operates as means for performing sound 
processing with higher performance than the SPU 240. The clock frequency of the 
SPU 140 is 44.1 KHz according to the sampling frequency of a CD-ROM in the 
emulation mode and 48 KHz according to the sampling frequency of a DVD in the 
normal mode. 

[0053] Then, the content of the first function will be explained more 
specifically. 

(Determining Operating Mode) 
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[0054] Upon powering-on, etc. of the host machine, the emulation apparatus 
determines through the media decoder 130 whether the medium 200 in the drive is 
for the host machine or for the subordinate machine. This determination is possible 
by recording a type code indicating whether the medium is for the host machine or 
for the subordinate machine in the first area of the medium 200, which is loaded to 
the entertainment apparatus first, reading this type code and referencing a medium 
type register (not shown) in the media decoder 1 30. If the determination result 
shows that the medium 200 is a medium for the host machine, the emulation 
apparatus starts the host machine in the normal mode. When there is nothing in the 
drive, the operation is the same. On the other hand, if the medium 200 in the drive 
is a medium for the subordinate machine, the emulation apparatus starts the host 
machine in the emulation mode. 
(Changing Operating Mode) 

[0055] The emulation apparatus generates two types of reset signal and 
switches between the normal mode and emulation mode above based on these 
reset signals. 

[0056] FIG. 3 shows an example of a reset signal generation mechanism. 

[0057] As shown in FIG. 3, the emulation apparatus uses a signal output from 
a power supply control/reset IC 310 as a RESET- IN signal. This RESET- IN signal is 
input to a reset control circuit 330 and OR circuits 340 and 350. The reset control 
circuit 330 outputs two kinds of signal (CTL1 , CTL2). These signals become other 
input signals for the OR circuits 340 and 350. It is RESET 1 signal that is output 
from the OR circuit 340 and it is RESET 2 signal that is output from the OR circuit 
350. The RESET 1 is input to the MPU 1 00 and GP 1 1 0 of the host machine. The 
MPU 100 outputs an SRESET signal. 

[0058 ] On the other hand, the RESET 2 signal is input to various apparatuses 
on the SSBUS 103 such as the IOP 120 and SPU 140. The SRESET signal from 
the MPU 100 is also input to the IOP 120 and SPU 140, etc. 
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[0059] In the above configuration, upon powering-on of the host machine or 
detection of pressing of a reset switch 320 provided for the host machine, the power 
supply control/reset IC 31 0 asserts the RESET- IN signal. The power supply 
control/reset IC 310 negates the RESET- IN signal when a predetermined time has 
passed after all power supplies are turned on. 

[0060] When the RESET-IN signal is asserted, the reset control circuit 330 
asserts the signals (CTL1 , CTL2) for the OR circuits 340 and 350. Then, after a 
predetermined time has passed, the reset control circuit 330 negates the RESET 
signal (RESET 2) supplied to the IOP 120 and SPU 140 first. This negates the 
signal (CTL2) for the OR circuit 350. Then, the reset control circuit 330 negates the 
RESET signal (RESET 1 ) supplied to the MPU 1 00 and GP 1 1 0. This negates the 
signal (CTL 1) for the OR circuit 340. 

[0061] A difference in the timing of releasing the RESET signal between the 
MPU 100, etc. and IOP 120, etc. is provided so that the MPU 100 and GP 1 10 start 
to operate after the IOP 120 starts a quasi-reliable operation. 

[0062] The MPU 100, IOP 120 and SPU 140, etc. reset by the RESET signals 
(RESET 1 signal and RESET 2 signal) start to operate in the normal mode. Then, in 
case of entering the emulation mode after necessary initialization processing is 
completed, the MPU 100 asserts the SRESET signal. The IOP 120 and SPU 140, 
etc. reset by this SRESET signal each start to operate in the emulation mode. 
(Interface Changeover) 

[0063] In the aforementioned changeover between operating modes, the 
interface between the MPU 1 00 and IOP 1 20 is also changed. An overview of this 
interface changeover will be explained with reference to FIG.4. 
[0064] As a premise, an IOP interface section (IOP l/F) 500 is provided inside 
or around the MPU 100 and an MPU interface section (MPU l/F) 510 is provided 
inside or around the IOP 120. Two systems of internal interface section (SIF section 
520, PGPU l/F 530) are connected in parallel inside the IOP interface section 500. 



Also two systems of internal interface section (SIF section 540, GPU l/F 550) are 
connected in parallel inside the MPU interface section 510. 
[0065] The SIF section 520 provides the MPU 100 with an SBUS interface of 
the bus 102 in the normal mode. The PGPU interface section 530 provides the 
MPU 100 with the quasi-same interface as that of the GPU 210 of the subordinate 
machine in the emulation mode. The SIF section 520 and PGPU interface section 
530 are each provided with an FIFO buffer for storing transfer data and a register 
group used for transfer control, etc. 

[0066] The SIF section 540 provides the IOP 120 with an SBUS interface of 
the bus 102 in the normal mode. The GPU interface section 550 provides the IOP 
120 with the same GPU interface as that of the CPU 220 of the subordinate machine 
in the emulation mode. 

[0067 ] The IOP interface section 500 operates in synchronization with the bus 
clock (1 50 MHz) of the internal bus of the MPU 1 00. On the other hand, the MPU 
interface section 510 operates in synchronization with the operating frequency of the 
IOP 120. That is, the MPU interface section 510 operates in synchronization with a 
37.5 (= 150/4) MHz clock in the normal mode and operates in synchronization with a 
clock frequency 1/2 the clock supplied from an emulator 420, which will be described 
later, in the emulation mode. 

[0068] For this reason, a communication between the MPU 100 and IOP 120 
in the normal mode becomes a synchronous communication and a communication 
between the MPU 100 and IOP 120 in the emulation mode becomes an 
asynchronous communication. The PGPU interface section 530 includes a logic to 
absorb the asynchronous communication in the emulation mode and a clock 
(PGCLK: 33 MHz) supplied from the IOP 120 is input. 

[0069] In such a configuration, the MPU 100 uses the SIF section 520 as the 
interface for the IOP 120 in the normal mode and the IOP 120 uses the SIF section 
540 as the interface for the MPU 1 00. In the emulation mode, the MPU 1 00 uses 
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the PGPU interface section 530 and the IOP 120 uses the GPU interface section 
550. 

[0070] Changeover between the SIF section 520 and PGPU interface section 
530 in the MPU 100 is carried out by software. That is, after a reset, the SIF section 
520 is selected and when the software executed by the processor core of the MPU 
100 carries out a write to a specific control register in the MPU 100, a changeover is 
made to the PGPU interface section 530. 

[0071] Changeover between the SIF section 540 and GPU interface section 
550 in the IOP 120 is carried out by hardware after a reset. That is, when the IOP 
120 is reset by the RESET signal (RESET 2), the SIF section 540 is selected and 
when the IOP 120 is reset by the SRESET signal, the GPU interface section 550 is 
selected. 

(Processing Capability Adjustment) 

[0072] As described above, when the emulation mode is entered, the image 
processing speed is changed. The mechanism of changing this image processing 
speed will be explained with reference to FIG. 5 and FIGs.6A and 6B. 

[0073] Here, suppose the MPU 100 is provided with the function of a PLL 
circuit 410 that converts an input clock to any one of a plurality of provided 
frequencies and outputs to IOP 120. 

[0074] The MPU 100 converts the frequency of a clock generator 400 of the 
host machine using the PLL 410, generates a reference clock of each processor core 
inside, a bus clock of the internal bus, a reference clock of data transfer to the GP 
1 10, an operating reference clock in the normal mode and an operating reference 
clock in the emulation mode, and supplies these clocks selectively to the IOP 120. 

[0075] In the emulation mode, the IOP 120 carries out image processing as 
the CPU 220 of the subordinate machine using a clock of a predetermined frequency 
supplied from the MPU 100. For specific image processing, the image processing 
speed is fine-adjusted by the emulator 420, which will be described later. 
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(Second Function) 

[0076] Then, a specific example (fine-adjustment function) of a second 
function of the host machine will be explained. This function is implemented by the 
emulator 420 shown in FIG. 5. 

[0077 ] The emulator 420 comprises the following functional blocks, which are 
implemented by the MPU 100 or a separately provided CPU loading an emulator 
program, that is, a counter section 421 , a determination section 422 and a 
processing capability adjustment section 423. The emulator program is recorded, 
for example, in the ROM 150. 

[0078] The counter section 421 counts a clock generated by the clock 
generator 400 at certain intervals. The determination section 422 determines 
whether a target AP requests a change of a capability of the whole or part of specific 
processing to be executed by the host machine or not and the processing capability 
adjustment section 423 changes the capability of the specific processing within a 
range identified by change parameters which are selectively loaded from any one of 
the ROM 150, medium 200 and memory card 190. 

[0079] This embodiment has change parameters as shown in FIG.6A. 

[0080] That is, these are quantities of adjustment of a specific image 
processing speed determined for each title (target AP) to be adjusted, for example, 
polygon drawing speed, sprite drawing speed, etc. In the figure, "0" means that no 
adjustment is required. "1" and "2" are quantities of adjustment. The processing 
capability adjustment section 423 carries out fine adjustments on the speed of the 
relevant processing based on these quantities of adjustment. Fine adjustment is 
implemented by delaying the output timing of the result of drawing, which should 
originally be carried out at a speed based on the clock generator 400 by a clock 
determined by the quantity of adjustment. As shown in FIG.6B, this delay 
processing consists of setting a quantity of adjustment X in a count value C in the 
process of output processing of the drawing result, decrementing the count value C 
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by 1 for every count by the counter section 421 and outputting the drawing result 
when the count value C reaches 0. 

[0081] If a memory card 190 is provided, the memory card 190 is given the 
highest priority in the order of reading change parameters. In the case where the 
memory card 1 90 does not support change parameters of the target AP or the 
memory card 1 90 is not inserted, a read from the medium 200 is attempted. In the 
case where the medium 200 does not support change parameters of the target AP, a 
read from the ROM 1 50 is attempted. The reason that the reading order is 
determined in this way is as follows. 

[0082] The memory card 190 is a rewritable recording medium, and therefore 
if a change parameter is old information, this must have been overwritten with other 
information and the fact that a change parameter is recorded allows an assumption 
that the change parameter is the latest one supplied subsequently. Thus, this 
memory card 190 is searched first of all. 

[0083] The medium 200 is assumed to be portable, capable of being 
distributed with change parameters changed subsequently and at an affordable price, 
normally record the target AP as main information, normally record a change 
parameter if so required by the target AP and be most general as a mode of 
supplying change parameters subsequently. If the medium 200 is a rewritable 
medium, it is given priority over those non-rewritable media as in the case of the 
memory card 190. 

[0084] The ROM 150 is a non-rewritable medium and if some change 
parameter is recorded, it is assumed to have been recorded at the time of shipment. 
[0085] Thus, reading change parameters in the above-described order will 
increase the possibility of reading the latest change parameters. 
[0086] In this way, by providing the emulator 420 and making it possible to 
selectively read change parameters from any one of the ROM 150, medium 200 or 
memory card 190 and arbitrarily adjust the capability of specific processing, it is 
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possible to make changes without the need for a troublesome procedure even if the 
name of a target AP which requires a change of the processing capability and the 
extent of the change (adjustment range) are ascertained after the entertainment 
apparatus is shipped. 

[0087] The above-described case is an example of using one change 
parameter for one target AP, but the system can also be configured in such a way 
that different change parameters for the same target AP are recorded in the ROM 
150, medium 200 and memory card 190 and a selection is made arbitrarily from 
these. This will increase the number of types of processing that can be changed 
and broaden the scope of changes. 
Operation mode> 

[0088 ] Then, the operation of the host machine incorporating the emulation 
apparatus will be explained. 

[0089] FIG. 7 illustrates the processing flow of a boot sequence. 
[0090] Powering-on or pressing of the reset switch generates a RESET signal 
(RESET 1 or RESET 2). The MPU 1 00 and IOP 120 start to execute the program 
from the same boot vector address first (S601 ). As described above, this 
embodiment uses processors with the same architecture for the MPU 100 and IOP 
120, and therefore the MPU 100 and IOP 120 also have the same boot vector 
address. At this time, while the IOP 120 directly accesses the ROM 150, the MPU 
100 accesses the ROM 150 via the IOP 120. 

[0091] To carry out the own initialization processing first, the IOP 120 does 
not give bus mastership to the MPU 100, leaving the MPU 100 in a standby state 
(S602). 

[0092] The area of the ROM 1 50, which is accessed by the MPU 1 00 or IOP 
120 after a reset stores a code for acquiring a processor ID, determining whether the 
corresponding processor is the MPU 100 or IOP 120 and jumping to the code for 
each processor according to the result. The IOP 1 20 and MPU 1 00 jump to their 
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respective codes by executing the corresponding codes. 
[0093] After jumping to its own code, the IOP 120 determines whether the 
reset this time is a reset by the RESET signal or a reset by the SRESET signal. The 
IOP 120 can determine whether the reset is by the RESET signal or by the SRESET 
signal by referencing bits of a specific control register. 

[0094] The reset in this case is a reset by the RESET signal, and therefore 
the IOP 120 initializes the hardware for the entertainment apparatus of the host 
machine so as to start as the entertainment apparatus of the host machine. Then, 
the IOP 120 sets up the drivers of the peripheral apparatuses (controller, media drive, 
etc.) 

[0095] When the necessary initialization processing is completed, the IOP 120 
allows the MPU 100, which has been on standby, to start to operate (this state is 
designated as "MPU On") and waits for a request from the MPU 1 00 (S603). The 
MPU On is realized when the IOP 120 rewrites bits of a specific control register. 
[0096] When access to the ROM 150 is accepted by the IOP 120 that has 
completed the initialization processing (when MPU On is set), the MPU 100 carries 
out a read from the ROM 150 and starts to execute the program read (S604, S605). 
Through this program, the MPU 100 acquires the own processor ID as in the case of 
the IOP 120 and jumps to the own code (for the MPU 100) and displays an opening 
screen common to the subordinate machine and the own machine. 
[0097] Then, the MPU 100 determines the type of the medium 200 inserted in 
the drive (S606). When reset by a RESET signal (RESET 2), the media decoder 
130 identifies the medium 200 inserted in the drive, reflects the result (medium for 
the host machine/medium for the subordinate machine/no medium, etc.) in a medium 
type register in the media decoder 130 and waits for a command. 
[0098] If the result of the determination of the medium type shows that the 
medium 200 for the host machine is inserted or there is no medium, the machine is 
started as the host machine as is and displays a logo, etc. for the host machine 
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(S607). Then, the MPU 1 00 loads a target AP for the host machine from the 
medium 200 to the main memory 1 60 and starts to execute the target AP. If drawing 
processing is carried out during execution of the target AP, the MPU 1 00 instructs the 
GP 1 10 to perform drawing and if sound is output, the MPU 100 instructs the SPU 
140 via the IOP 120 to output sound. 

[0099] If the result of the determination of the medium type shows that the 
medium 200 for the subordinate machine is inserted in the drive, the MPU 100 
changes the mode to the emulation mode and starts the machine as the subordinate 
machine (S608, S609). At this time, the MPU 100 loads the emulator program from 
the ROM 150 to the main memory 160 and executes it to form the emulator 420. 
[0100] The emulator 420 accesses the memory card 190 to check whether 
there is any change parameter for the target AP. If there is no change parameter in 
the memory card 190 or the memory card 190 is not inserted, the emulator 420 
accesses the medium 200 to check whether there is any change parameter for the 
target AP. In the case where no change parameter is recorded in the medium 200, 
the emulator 420 accesses the ROM 1 50. If any change parameter is found, the 
emulator 420 reads the change parameter and makes fine adjustment to the 
processing speed as described above. If no change parameter is found at any 
place, the emulator 420 judges that there is no need to carry out fine-adjustment and 
moves on to the next step. 

[0101] Then, the emulator 420 changes the interface and clock. As a result, 
the IOP 1 20 starts an operation similar to that of the CPU 220 of the subordinate 
machine, displays a logo, etc. for the subordinate machine and boots a compatible 
kernel. Thereafter, the IOP 1 20 executes the target AP for the subordinate machine. 
To draw graphics during the execution of the target AP, the IOP 120 sends a GPU 
command to the MPU 100 to instruct to perform drawing, and to output sound, the 
IOP 120 instructs the SPU 140 in the emulation mode to output sound. 
[0102] In the emulation mode, the MPU 100 functions as the GPU 210 of the 
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subordinate machine. Therefore, it is necessary to convert the format of drawing 
processing data or command. 

[0103] That is, the MPU 100 converts GPU data, etc. sent from the IOP 120 to 
GP data, etc. so that the GPU data can be executed by the GP 1 10. 

[0104] FIG. 8 shows the processing procedure by the MPU 100. 

[0105] When a drawing packet in the GPU format is written in an FIFO of the 
PGPU interface section 530, an interrupt to the MPU 1 00 is generated. Upon 
receiving this interrupt, the MPU 100 takes out the GPU format drawing packet from 
the FIFO of the PGPU interface section 530 (S701 ). Then, the MPU 100 converts 
this GPU format drawing packet to a GP format drawing packet and writes this 
packet into the main memory 160 (S702). Then, the MPU 1 00 transfers the 
converted GP format drawing packet to the GP 1 10 (S703). 

[0106] A specific example of format conversion of a drawing command will be 
explained. 

[0107 ] Here, an example of format conversion of a triangular polygon drawing 
command will be explained. Suppose the GP 1 1 0 adopts a Z-buffer system, 
whereas the GPU 210 does not adopt a Z-buffer system. 

[0108] FIG.9A shows a GPU command format in this case and FIG.9B shows 
a GP command format. The GPU command consists of one word, 32 bits and the 
GP command consists of one word, 64 bits. In FIG.9A and FIG.9B, "Code" is a code 
to identify the drawing type and "B", "G" and "R" are color information. "X" and "Y" 
are coordinate information and "Z" is depth information. Since the GP 1 10 adopts a 
Z-buffer system, the GP 110 can control priority order irrespective of the drawing 
order. On the other hand, the GPU 210 does not adopt a Z-buffer system, and 
therefore the GPU command does not include depth information. For this reason, 
when converted to the GP format, a same predetermined value is entered in "Z". 
[0109] Upon receiving the GPU packet from the IOP 120 as shown in FIG.9A, 
the MPU 100 determines the command type by interpreting the first one word and 
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interprets the content of the following data. Then, the MPU 1 00 rearranges this 
interpreted data, converts the accuracy of RGB, X and Y, creates the GP command 
packet shown in FIG.9B and transfers the GP command packet to the GP 1 10. 
[Olio ] As described above, the emulation apparatus of this embodiment 
determines whether the target AP requests a change of the processing capability of 
the host machine and if the part to be changed requires a change of the functional 
capability of the host machine, the emulation apparatus changes the functional 
configuration of the host machine, and if the part to be changed requires a change of 
the capability (speed in this embodiment) of specific processing to be executed, the 
emulation apparatus changes the capability of the specific processing within the 
range identified by the change parameters, and can thereby reliably absorb subtle 
differences in processing elements of the target AP for the subordinate machine in 
advance or afterward and adequately execute the target AP. 
[0111] Especially, the emulator 420 can arbitrarily adjust the processing 
speed for specific processing subsequently and record the change parameters for 
that purpose in the memory card 190, medium 200 or ROM 150 and distribute them, 
and can thereby easily achieve an optimal processing speed for the target AP. 
[0112 ] By the way, this embodiment shows the case where the emulation 
apparatus is implemented by a combination of hardware and software. If all of this 
is implemented by software, a program to implement at least the functions of 
changing the interface, adjusting the processing speed and converting formats 
should be recorded in a predetermined memory area at the time of shipment of the 
entertainment apparatus and the MPU 100, etc. should load and execute this 
program. 

[0113] It is also possible to record the program in a distributable ROM or other 
recording medium subsequently and allow the MPU 100, etc. to load and execute 
this program at the time of operation. 

[0114] With respect to the emulator program to form the emulator 420, it is 
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also possible for the entertainment apparatus to record the emulator program in a 
replaceable recording medium subsequently. 

[0115] This embodiment describes the case where the present invention is 
applied to an entertainment apparatus, but it goes without saying that the present 
invention is likewise applicable to other information processing apparatuses without 
any image processing speed adjusting means such as an operating system. 
[0116] By the way, if the present invention is implemented by allowing an 
information processing apparatus that incorporates an operating system to load and 
execute a program, this can be done by incorporating in the program the function of 
suppressing the image processing speed adjusting means. 
[Second Embodiment] 

[0117 ] Then, a second embodiment of the present invention will be explained. 

[0118] Here, an example of a case will be shown where the emulation 
apparatus of the present invention is implemented by software that can be acquired 
subsequently. 

[0119] What is important in implementing an emulation apparatus is to allow a 
target AP executing side to interpret binary information (the polygon drawing 
command above, etc.) included in the target AP for another information processing 
apparatus and carry out corresponding processing. 

[0120] Normally, since real-time processing of a three-dimensional image 
requires high-volume and multi-phase operation processing, hardware implements 
part of the function, especially the image processing engine. However, some target 
APs can also use part of the function of the image processing engine on the AP 
executing side. Furthermore, when it is obvious that the target AP is for a specific 
apparatus, once the apparatus on the AP executing side constructs an image 
processing environment for the apparatus beforehand, the apparatus can execute 
the target AP or an AP of the same kind thereafter. 

[0121] This embodiment forms a media identification function and image 
22 



processing environment formation function by allowing an information processing 
apparatus equipped with a CPU and image processing engine to load and execute a 
program to implement the image processing environment of a target AP for another 
apparatus (including use combined with the image processing engine). 
[0122 ] The media identification function identifies the apparatus for which the 
target AP is used and determines whether the target AP requires a change of the 
processing capability of the image processing engine or not based on the 
identification result. 

[0123] The image processing environment formation function implements an 
image processing environment for the target AP when the media identification 
function determines that the processing capability of the image processing engine 
needs to be changed. 

[0124 ] As described above, the medium that records the target AP records the 
type code to identify the apparatus for which the target AP is used or title information 
to identify the content of the target AP. 

[0125] Thus, in this embodiment, the CPU of the information processing 
apparatus reads the type code or title information after the target AP is inserted in the 
drive and the system is booted, and determines whether a change of the processing 
capability of the current image processing engine is required or not using the media 
identification function. When it is judged that a change is required, this embodiment 
is configured so that the image processing environment formation function changes 
the processing capability by automatically converting the binary information included 
in the target AP to the binary information of the information processing apparatus on 
the executing side. 

[0126] The emulation apparatus of the second embodiment identifies the 
apparatus for which a target AP is used and changes the processing capability of the 
information processing apparatus on the executing side to an optimal value and can 
thereby execute the AP for the other apparatus appropriately. Furthermore, when 
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fine-adjustment of the processing capability is required, the fine-adjustment is 
performed using the same procedure as that in the first embodiment. Moreover, it 
may also be arranged that changing of a functional configuration of the information 
processing apparatus on the executing side is performed as in the first embodiment 
prior to or subsequently to the foregoing automatic conversion of the binary 
information. 

[0127] On the contrary, if the target AP is for the other apparatus, the 
information processing apparatus can also stop the change of the processing 
capability by the emulation apparatus and prevent the emulation apparatus from 
operating. 

[0128 ] As is apparent from the above explanations, the present invention can 
produce such an excellent effect that the processing capability of the information 
processing apparatus can be adapted to the target AP correctly. 
[0129] Various embodiments and changes may be made thereunto without 
departing from the broad spirit and scope of the invention. The above-described 
embodiment is intended to illustrate the present invention, not to limit the scope of 
the present invention. The scope of the present invention is shown by the attached 
claims rather than the embodiment. Various modifications made within the meaning 
of an equivalent of the claims of the invention and within the claims are to be 
regarded to be in the scope of the present invention. 
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